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(54) Automated optical detection system and method. 



(57) An automated object detection system and 
method is disclosed. The automated detection system 
uses an imaging apparatus (400), such as a bar code 
reader, to determine if an object (600) is located at a 
predetermined location. The automated object detec- 
tion system has a reference surface (258) with a target 
(270) located on the reference surface (258). The imag- 
ing apparatus (400) is positioned relative to the refer- 
ence surface (258) so as to image the target (270). The 
automated object detection system is adapted to have 
objects (600) located in a light path (130) between the 



target (270) and the imaging apparatus (400) so as to 
block the target (270) from being imaged. If the imaging 
apparatus (400) is able to image the target (270), the 
automated optical detection system may determine that 
no object (600) is located between the target (270) and 
the imaging apparatus (400). If the imaging apparatus 
(400) is unable to image the target (270). the automated 
optical detection system may determine that an object 
(600) is located between the target (270) and the imag- 
ing apparatus (400). 
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Description 

Field of the Invention 

[0001] The present invention relates generally to 
locating and identifying an object and, nnore particularly, 
to using a bar code reader in an automated media 
exchanger to positively determine if media is located at 
a predetermined location in the automated media 
exchanger and to identify the media. 

Background of the Invention 

[0002] An automated media exchanger is a device 
that moves media from a media library to a media player 
and vice versa. Examples of media that may be moved 
by an automated media exchanger include magnetic 
media, compact discs and digital linear tapes. An auto- 
mated media exchanger typically has a media library 
that stores the media, a processor that stores the loca- 
tion and identity of the media, media players that read 
the media, and a media handler that moves the media 
between the media library and a media player. Servo 
and orientation systems may also be included in the 
automated media exchanger to move the media handler 
to specific locations and to report the location of the 
media handler to the processor. The media located in 
the media library may need to be located, extracted 
from the media library by the media handler and 
inserted into a media player. Likewise, media located in 
a media player may need to be extracted from the media 
player by the media handler and placed into a predeter- 
mined location in the media library. 
[0003] An example of a media library is a plurality of 
containers, each of which is commonly referred to as a 
magazine. A magazine typically has several openings 
or slots in the front side of the magazine. Each slot is 
adapted to hold media. A single magazine may hold 
several pieces of media and the media library may com- 
prise several magazines. Loading media into a media 
library typically consists of a user loading media into the 
slots in the magazines and then placing the magazines 
into the media library in the automated media 
exchanger The user, thus, is ultimately responsible for 
assuring that the media is property loaded into the mag- 
azines. 

[0004] The user may input information to the proc- 
essor indicating the location and identification of spe- 
cific media located in the media library. This information 
identifies the individual pieces of media in the media 
library, in addition, this information identifies the specific 
slots in the magazines where the media is located. The 
automated media exchanger is then able to locate a 
specific piece of media based on the infomnation sup- 
plied by the user When a specific piece of media is 
required to be inserted into the media player, the proc- 
essor instructs the servo system to move the media 
handler adjacent to the slot in the magazine where the 



specific media is located. The media handler may then 
extract the media from the slot. The servo system may 
then instruct the media handler to move the media to a 
media player and insert the media into the media player. 

5 [0005] The automated media exchanger may also 
move media from the media players to specific slots in 
the magazines. In order to move a piece of media from 
a media player to a specific slot in a magazine, the proc- 
essor first instructs the servo system to move the media 

10 handler to a media player where the media is located. 
The media handler then extracts the media from the 
media player When the media has been extracted from 
the media player, the processor instructs the media 
handler to move adjacent to the specific slot in the mag- 

15 azine where the media is to be placed. The media han- 
dler then inserts the media into the specific slot in the 
magazine. 

[0006] The automated media exchanger, thus, 
relies on the information provided by the user to locate 

20 specific media located in the media library. There are 
many factors in the interface between the user and the 
automated media exchanger that may cause the auto- 
mated media exchanger to encounter errors when it 
attempts to locate media and move media between a 

25 magazine and a media player An example of such an 
emor is if the user incorrectly inputs the location of the 
media into the processor The automated media 
exchanger will then insert incorrect media into the 
media players. Another example of an error is if the user 

30 leaves a slot in a magazine empty and indicates that a 
specific piece of media is located in the empty slot. The 
automated media exchanger will then attempt to 
retrieve a specific piece of media from an empty slot. A 
further example of an error is if the user incorrectly 

35 places the media into the slots, e.g.. the user may install 
the media upside down. In this case, damage may occur 
to the media, the media handier, or a media player if the 
media handler attempts to retrieve the upside down 
media or if the media handler attempts to insert the 

40 Upside down media into a media player 

[0007] Automated media exchangers may detect if 
given slots in the magazines contain media by physi- 
cally sensing the presence of media in the slots. For this 
purpose, each slot may have a switch that toggles when 

45 media is inserted into the slot. The switches may be 
connected to a processor which determines if a slot is 
occupied by detenmining if the switch associated with 
the slot has toggled. The use of such switches, however, 
increases the complexity of the magazines and the 

50 automated media exchanger by requiring a pluraliry of 
switches to be located in the magazines and wiring to 
be run between a processor and the switches. Further, 
the switches are susceptible to errors if the switches 
stick in an open or dosed position or if the wiring 

55 between the magazines and the processor is not prop- 
erly connected. 

[0008] As an alternative to the slot-mounted 
switches described above, the automated media 
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exchanger may be provided with a sensor that physi- 
cally detects if media is present in the slots. The sensor 
may be a switch that is moved into each slot. The switch 
may toggle if it comes into contact with a piece of media. 
This method of detecting media, however, is slow 5 
because the sensor must physically move to each slot 
when the magazines are placed into the automated 
media exchanger and physically detect the presence or 
absence of media. Furthermore, neither of the detection 
methods described above will determine if the media is jq 
installed correctly into the slots and neither method will 
identify the media. 

[0009] Optical systems are also sometimes used to 
determine if the slots contain media An optica! system 
may image a feature on the media to determine if media i5 
is present in the slots. However, rf the feature is not 
present on the media or if the feature cannot be imaged, 
the optica! system may determine that the slot is empty, 
when in fact, the slot may be occupied. An optical sys- 
tem, thus, may not determine, with certainty, that a slot 20 
is empty. An optical system may only determine, with 
certainty, that a slot is occupied. 

[0010] Therefore, a need exists for an automated 
detection system that may be used in an automated 
media exchangerto determine, with certainty, whether a 25 
magazine slot contains media and whether the media is 
correctly installed into the slot. Additionally, there is a 
need for an automated detection system that will simul- 
taneously identify media located in the media library. 

30 

Summary of the Invention 

[0011] The present invention is directed toward an 
automated optical detection system. The automated 
optical detection system may determine if objects are 35 
located at predetermined locations and may simultane- 
ously identify the objects. 

[0012] The automated optical detection system 
may comprise a fight source, a reference surface, and 
an imaging apparatus. The imaging apparatus may be 40 
located so as to image the reference surface. The imag- 
ing apparatus may also be mobile relative to the refer- 
ence surface. The light source may be located so as to 
illuminate the portion of the reference surface that is 
imaged by the imaging apparatus. 45 
[0013] The reference surface may have an area of 
reflective contrast. The area of reflective contrast ts an 
area that is imageable by the imaging apparatus and 
that may be optically differentiated from other objects 
that may be imaged by the imaging apparatus. The 50 
automated optical detection system may be adapted to 
have the objects which are to be detected located 
between the area of reflective contrast and the imaging 
apparatus. The objects may. thus, block the imaging 
apparatus from imaging the area of reflective contrast. 55 
[0014] When no object is located between the area 
of reflective contrast and the imaging apparatus, the 
imaging apparatus will image of the area of reflective 



contrast. When tne imaging apparatus images the area 
of reflective contrast, the automated optical detection 
system is able to determine, with certainty, that no 
object is present between of the area of reflective con- 
trast and the imaging apparatus. 

[0015] When an object is located between the area 
of reflective contrast and the imaging apparatus, the 
imaging apparatus will not be able to image the area of 
reflective contrast. When the imaging apparatus is una- 
ble to image the area of reflective contrast, the auto- 
mated optica! detection system is able to determine, 
with certainty, that an object is located between the area 
of reflective contrast and the imaging apparatus. 

Brief Description of the Drawings 

[0016] 

Fig. 1 is a top perspective view of an automatic 
media exchanger using an automated optical 
detection system. 

Rg. 2 is front perspective view of a media magazine 
that may be used in conjunction with the automatic 
media exchanger of Fig. 1. 

Fig. 3 is a top perspective view of a media handler 
that may be used in conjunction with the automated 
media exchanger of Fig. 1 . 

Rg. 4 is a side perspective view of the imaging 
apparatus of Fig. 3 including the light paths associ- 
ated with the imaging apparatus. 
Fig. 5 is a side perspective view of a digital linear 
tape cartridge. 

Rg. 6 is a flow chart diagram depicting a method of 
detecting an object using an imaging apparatus. 
Rg. 7 is an embodiment of the magazine of Fig. 2 
Rg. 8 is a top perspective view of an object detec- 
tion system used in conjunction with a conveyor 
system 

Rg. 9 is top perspective view illustrating the object 
detection system of Fig, 8 locating and identifying 
an object located on the conveyor system. 
Rg. 10 is a top perspective view illustrating the 
object detection system of Rg. 8 locating an object 
on the conveyor system. 

Detailed ne.qcriptio n of the Invention 

[0017] Figs. 1 through 10 in general, illustrate 
method for automatically detecting objects 600. The 
method of detecting objeas may comprise: providing a 
plurality of objects 600; providing an object holding 
mechanism 200 having a plurafrty of holding locations 
232, wherein each of the holding locations 232 is 
adapted to locate at least one of the plurality of objects 
600; providing an object holcfing mechanism target 270 
associated with the object holding mechanism 200; pro- 
viding an imaging apparatus 400 which is moveable rel- 
ative to the object holding mechanism 200; positioning 
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the imaging apparatus 400 adjacent a selected one of 
the piuralrty of holding locations 232; generating an 
image with the imaging apparatus 400; performing a 
first analysis of the image to determine whether the 
image is an image of the holding mechanism target 270; 
and determining whether one of the plurality of objects 
600 is located in association with the selected one of the 
plurality of holding locations 232 based upon the first 
analysis. 

[0018] Figs. 1 through 10 in general, further illus- 
trate an automated media exchanger 100 employing an 
optica! detection system. The automated media 
exchanger 100 is of the type having a media magazine 
200 including a plurality of slots 232 adapted to receive 
media devices 600 therein. The automated media 
exchanger 1 00 is further of the type having a moveable 
picker device 300 positionable adjacent a selected slot 
of the plurality of slots 232 and adapted to move media 
devices 600 into and out of the selected slot The auto- 
mated media exchanger 1 00 comprising: a light source 
120 associated with the picker device 300; an imaging 
apparatus 400 associated with the picker device 300; a 
target 270 associated with the selected slot 232. 
Wherein the target 270 is not imageable by the imaging 
apparatus 400 when one of the media devices 600 is 
received within the selected slot 232; and wherein the 
target 270 is imageable by the imaging apparatus 400 
when one of the media devices 600 is not received 
within the selected slot 232. 

[001 9] Having thus described the automated optical 
detection system and method in general, the system 
and method will now be described in further detail. 
[0020] Rg. 1 illustrates the automated optical 
detection system used in conjunction with an automated 
media exchanger 100. The automated media 
exchanger 100 is illustrated using digital linear tape car- 
tridges 600 as the media being exchanged. It is to be 
understood, however, that the following description is for 
illustration purposes only and that the automated optical 
detection system may readily be used in conjunction 
with other devices. It is also to be understood that the 
automated media exchanger 100 may be readily 
adapted to use media other than digital linear tape car- 
tridges 600. 

[0021] The automated media exchanger 100 may 
have a light source 120. a magazine 200. a media han- 
dler 300, sometimes also referred to herein as a 
'picker," an imaging apparatus 400. and a processor 
500. The automated media exchanger 1 00 may further 
have an incident light path 124 extending between the 
light source 120 and the magazine 200 and an image 
light path 1 30 extending between the magazine 200 and 
the imaging apparatus 400. 

[0022] Rg. 2 illustrates a detailed embodiment of 
the magazine 200. The magazine 200 may have a top 
side 2 1 0. a left side 2 1 2. a right side 2 1 4, a bottom side 
21 6, a back side 218, and a front side 230. The maga- 
zine 200 may have a depth 231 extending between the 



back side 218 and the front side 230. The depth 231, 
may, for example, be approximately 1 1 centimeters. The 
front side 230 of the magazine 200 may comprise a plu- 
rality of slots 232. The slots 232 may be openings in the 

5 front side 230 of the magazine 200. The slots 232 may 
be adapted to hold digital linear tape cartridges 600. 
The magazine 200 illustrated in Figs. 1 and 2 has five 
slots 232. depicted numerically as slot 234, slot 236, 
slot 238. slot 240, and slot 242. The slots 232 may each 

w have a slot width 250 and a slot height 252. The slots 
232 may be appropriately sized to hold the digital linear 
tape cartridges 600 used by the automated media 
exchanger 100. The bottom side 216 of the magazine 
200 may have an inner surface 254. The inner surface 

75 254 may have several slides 256 affixed to the inner sur- 
face 254. The locations of the slides 256 may corre- 
spond to the locations of the slots 232. The slides 256 
may serve to hold digital linear tape cartridges 600 in 
the slots 232. 

20 [0023] The back side 21 8 of the magazine 200 may 
have an inner surface 258. The inner surface 258 may 
face into the magazine 200 and toward the front side 
230. The inner surface 258 may have an area of reflec- 
tive contrast 270 extending between the left side 212 

25 and the right side 214 of the magazine 200. The area of 
reflective contrast 270 may be an area that reflects 
either more or less light than the remainder of the inner 
surface 258 when both the inner surface 258 and the 
area of reflective contrast 270 are equally illuminated. 

30 The area of reflective contrast 270, may, for example, be 
a reflective surface, such as a light-colored surface. The 
remaining inner surface 258 may be a nonreflective sur- 
face, such as a dark-colored surface. A light-colored 
surface typically reflects more light than a dark -colored 

35 surface, thus, the transition from a light-colored surface 
to a dark-colored surface may constitute an area of 
reflective contrast. 

[0024] The area of reflective contrast 270 may have 
a first edge 272 and a second edge 274. The first edge 

40 272 and the second edge 274 may be separated by a 
width 276. The width 276 may, for example, be approxi- 
mately one centimeter. As an alternative to the single 
stripe depicted in Fig. 2, the area of reflective contrast 
270 may comprise a plurality of successive reflective 

45 and nonreflective parallel stripes, such as a bar code, 
not shown, extending between the left side 212 and the 
right side 21 4 of the magazine 200. 
[0025] Fig. 3 illustrates a detailed embodiment of 
the media handler 300. The media handler 300 may 

so have a housing 305. The housing 305 may be generally 
a parallelepiped structure and may have a front side 
310, a back side 312. atop side 314. a bottom side 316, 
a left side 318, and a right side 330. The housing 305 
may have a corner 338 defined by the intersection of the 

55 back side 312. the top side 314, and the left side 318. 
The media handler 300 may have an opening 320 in the 
front side 310. The opening 320 may have a right side 
322. a left side 324. a top side 326. and a bottom side 
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328. The opening 320 may have a width 334 extending 
between the opening left side 324 and the opening right 
side 322. The opening 320 may have a height 336 
extending between the opening top side 326 and the 
opening bottom side 328. The width 334 and the height 
336 of the opening 320 may be appropriately sized so 
as to allow a digital linear tape cartridge 600. Fig. 2. to 
pass through the opening 320 and into the housing 305. 
[0026] The media handler 300 may have a light 
source 120 located in the interior of the housing 305 
and affixed to the housing left side 318. The light source 
1 20 may be located so that it will not interfere with a dig- 
ital linear tape cartridge 600. Fig. 2, that may be located 
in the housing 305. The light source 120 may emit light 
in a frequency band that is selected to respond with 
other components in the automated media exchanger 
100, Fig. 1. The light source 120 may, as an example, 
comprise a linear array of light emitting diodes. An 
example of a light source for use in a media handler is 
disclosed in the United States Patent Applications. 

serial number of Gardner for 

OPTICAL ASSEMBLY HAVING LENS OFFSET FROM 
OPTICAL AXIS, filed on the same date as this applica- 
tion {attorney docket number 10971597-1); and serial 

number of Gardner for LOW 

POWER ILLUMINATOR, filed on the same date as this 
application (attorney docket number 10982311-1); 
which are both hereby incorporated by reference for all 
that is disclosed therein. 

[0027] The imaging apparatus 400 may be located 
in the interior of the housing 305 and in the vianity of the 
corner 338 of the media handler 300, The imaging 
apparatus 400 may be electrically connected to the 
processor 500 by an image data line 510. The imaging 
apparatus 400 may, as an example, be a bar code 
reader. Barcode readers are well known in the art and 
are commonly used to image areas of high and low 
reflectivity to 'read" bar codes. The imaging apparatus 
400 may have a depth of field suited to allow the imag- 
ing apparatus to image bar codes located outside the 
media handler 300. The depth of field may also be 
suited so that the imaging apparatus 400 may image the 
area of reflective contrast 270 of Fig. 2. The imaging 
apparatus will be described in detail below. 
[0028] The media handler 300 may be operatively 
connected to a servo system 350 and an orientation 
system 370. The servo system 350 may serve to move 
the media handler 300 to a specified location and in a 
conventional manner The orientation system 370 may 
determine the location of the media handler 300 with 
reference to a predetermined location in the automated 
media exchanger 100. The orientation system 370 may 
also operate in a conventional manner. The servo sys- 
tem 350 may be connected to the processor 500 by a 
servo data line 520. The orientation system 370 may be 
connected to the processor 500 by an orientation data 
line 530. Examples of servo and orientation systems 
are described in United States patent number. 



5,544.146 for CARTRIDGE HANDLING SYSTEM of 
Luffel et al.. which is hereby incorporated by reference 
for all that is disclosed therein. 

[0029] An embodiment of the imaging apparatus 

5 400 is illustrated in detail in Fig. 4. The imaging appara- 
tus 400 may have a housing 410. The housing 410 may 
have a front side 412. a back side 414, a leftside 416, a 
right side 418. a bottom side 420, and a top side 422. 
The imaging apparatus 400 of Fig. 4 is illustrated with 

10 the left side 416 open to better view the components 
located within the housing 410. The front side 412 may 
have an opening 430. The opening 430 may have a win- 
dow 432 covering the opening 430. The window 432 
may serve to keep contaminates from entering the 

15 housing 410. The window 432 may be a pane of mate- 
rial that is transparent to light. Alternatively, the window 
432 may be a pane of material that is relatively transpar- 
ent to a specific frequency band of light so as to perform 
as a band pass filter, e.g.. the window 432 may pass the 

20 frequency of light emitted by the light source 1 20 of Fig. 
3. A photosensor 450 may be affixed to the right side 
418 of the housing 410. An image light path 130 may be 
present in the imaging apparatus 400 extending from a 
point external to the imaging apparatus 400 through the 

25 opening 430, through the window 432 and terminating 
at the photosensor 450. An image light beam 132 may 
follow the image light path 130 from a point external to 
the imaging apparatus 400 to the photosensor 450. A 
lens 452 may be located in the image light path 130 

30 between the window 432 and the photosensor 450. The 
lens 452 may serve to focus the image light beam 132 
onto the photosensor 450. 

[0030] The photosensor 450 is a device that con- 
verts the image light beam 132 to image data. For the 

35 purpose of illustration only, the imaging apparatus 400 
will be described herein using a charged coupled device 
as the photosensor 450. However, it is to be understood 
that the photosensor 450 may, alternatively, be any 
other photosensor device that is capable of converting 

40 light to image data. The photosensor 450 may comprise 
at least one linear array 460 of individual photodetectors 
462 extending approximately the length of the photo- 
sensor 450. The photosensor 450 may be approxi- 
mately three centimeters in length and may comprise 

45 approximately 2.700 linearly aligned photodetectors 
462 in the photodetector array 460. The individual pho- 
todetectors 462 may be approximately 1 1 microns wide. 
The photodetector array 460 may face the opening 430 
in the housing 410 and the photodetector array 460 may 

so be located at the termination of the image light path 
130. One example of a commercially available photo- 
sensor is available from the NEC Corporation and is 
sold as model number 3734ACY. 

[0031] The photosensor 450 may convert a narrow 
55 "scan line" portion of the image light beam 1 32 to image 
data. Specifically, the individual photodetectors 462 
may output voltages that correspond to the intensity of 
light the photodetectors 462 receive. The scan line por- 
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tion of the image light beam 132 may be approximately 
as narrow as the photodetectors 462, e.g., 1 1 microns. 
The processor 500 may be electricaliy connected to the 
photosensor 450 by the image data line 510 and the 
processor 500 may serve to analyze the image data 5 
generated by the photodetectors 460. 
[0032] Referring again to Fig. 1 , the processor 500 
may be electrically connected to the imaging apparatus 
400 by the image data line 510. The processor 500 may 
be electrically connected to the servo system 350 by the 10 
servo data line 520 and the processor 500 may be elec- 
trically connected to the orientation system 370 by the 
orientation data line 530. The processor 500 may com- 
prise a microprocessor 502 and a data storage device 
504. The microprocessor 502 may be adapted to output is 
data signals to the servo system 350, receive data sig- 
nals from the orientation system 370. and process 
image data from the imaging apparatus 400. The data 
storage device 504 may be adapted to store image data 
from the imaging apparatus 400, predetermined charac- 20 
ters corresponding to the identity of specific media, and 
location information corresponding to the location of 
specific digital linear tape cartridges 600 in the maga- 
zine 200. 

[0033] A digital linear tape cartridge 600 is itius- 25 
trated in detail in Fig. 5. It is to be understood that a dig- 
ital liner tape cartridge is described herein for illustration 
purposes only. The automated media exchanger 100 
may, alternatively, be adapted to use other fomns of 
media. The digital liner tape cartridge 600 may have a 30 
top side 610. a bottom side 612, a left side 614, a right 
side 616, a backside 618. and a front side 620. The dig- 
ital linear tape cartridge 600 may have a height 630 
extending between the top side 6 1 0 and the bottom side 
612. The digital linear tape cartridge 600 may have a 35 
width 632 extending between the left side 614 and the 
right side 616. The width 632 and height 630 of the dig- 
ital linear tape cartridge 600 may be smaller than the 
width 334 and the height 336 of the opening 320 of the 
media handler 300, Fig 3, so that the digital linear tape 40 
cartridge 600 may pass through the opening 320 and 
into the housing 305 of the media handler 300. 
[0034] A bar code 634, or other optical indicia, may 
be affixed to the front side 620 of the digital linear tape 
cartridge 600. The bar code 634 may comprise a series 45 
of alternating, parallel reflective and nonreflective 
stripes. The reflective stripes are referred to as "spaces" 
and the nonreflective stripes are referred to as "bars." 
The spaces may be light -colored so as to be relatively 
reflective and the bars may be dark-colored so as to be so 
relatively nonreflective. The bars and spaces may be 
either wide or nan-ow. The bar code 634 may represent 
a binary number where the transition from a bar to a 
space represents the transition from one binary bit to 
another bit. The widths of the bars and spaces may 55 
determine the values of the bars and spaces, e.g., a 
wide bar or space may represent a one and a narrow 
bar or space may represent a zero. The cumulation of 



the bars and spaces on the bar code 634 may represent 
the binary number The binary number representing by 
the bar code 634 may serve to identify a specific digital 
linear tape cartridge 600 to which the bar code is 
attached. An example of a bar code specification that 
may be applied to the bar code label 634 is known in the 
art as the code 39 specification. 

[0035] Having described the physical layout of the 
automated media exchanger 100. the operation of the 
automated media exchanger TOO. Fig. 1, will now be 
described. Specifically, the operation of the automated 
media exchanger 100 used to determine if a slot 232 in 
a magazine 200 contains media will be described 
below. 

[0036] The following sequence summarizes the 
operation of the automated media exchanger 100. Rg. 
1 . The operation of the automated media exchanger is 
also described by the flow chart of Fig. 6. The operation 
of the automated media exchanger 100 requires that 
the media handler 300 be mobile relative to the maga- 
zine 200. The sen/o system 350 may move the media 
handler 300 in a transverse direction 140 along a line 
parallel to the plane of the front side 230 of the maga- 
zine 200. Additionally, the sen/o system 350 may move 
the media handler 300 in a plunge direction 142 normal 
to the plane of the front side 230 of the magazine 200. 
The servo system 350 may move the media handler 300 
far enough in the plunge direction 142 so the media 
handler 300 may retrieve a digital linear tape cartridge 
600 from a slot 232 in the magazine 200. 
[0037] The sen/o system 350 may also move the 
media handler 300 to a position where the opening 320 
in the front side 310 of the media handler 300 is oppo- 
site one of the slots in the front side 230 of the magazine 
200. When the opening 320 is opposite one of the slots, 
the incident light beam 122 emitted by the light source 
120 will illuminate the slot 232. If the slot 232 is empty, 
the Incident light beam 122 will extend to the inner sur- 
face 258 of the magazine 200. If, on the other hand, the 
slot 232 is occupied by a digital linear tape cartridge 
600. the incident light beam 122 will be blocked by the 
cartridge 600 and, thus, only extend to the front surface 
620 of the digital linear tape cartridge 600. The image 
light beam 132 is a reflection from the surface that the 
incident light beam 122 illuminates. Therefore, if the slot 
232 is empty, the image light beam 132 will extend 
between the inner surface 258 and the imaging appara- 
tus 400. The image light beam 132 will, thus, be an 
image of the inner surface 258 including the area of 
reflective contrast 270. If, however, the slot 232 is occu- 
pied, the image light beam 132 will extend between a 
digital linear tape cartridge 600 and the imaging appara- 
tus 400. In this case, the image beam 132 will be an 
image of the front side 620, Fig. 5, of a digital linear tape 
cartridge 600. If the cartridge 600 is oriented properly 
within the slot, then the image beam 132 will be an 
image of a bar code 634 affixed to the front side 620 of 
a digital linear tape cartridge 600. 
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[0038] The imaging apparatus 400 converts the 
intensities of light in the image light beam 132 to image 
data that may be analyzed by the processor 500. The 
processor 500 may be adapted to distinguish between 
data representing an image of the area of reflective con- 
trast 270 and data representing an image of the bar 
code 634. If the image beam 132 is an image of the 
inner surface 258. the imaging apparatus 400 will output 
data to the processor 500 indicative of the image of the 
inner surface 258. including the area of reflective con- 
trast 270. The processor 500 may then indicate, with 
certainty, that the slot 232 is empty. If. on the other 
hand, the image beam 1 32 is not an image of the inner 
surface 258. tne processor 500 may indicate that the 
slot 232 is occupied. Additionally, if the image beam 132 
is an image of a bar code 634, Fig. 5. the processor 500 
may indicate, with certainty, that the slot 232 is occupied 
by a digital linear tape cartridge 600. The processor 500 
may also read the bar code 634 and identify the digital 
linear tape cartridge 600, 

[0039] As previously set forth, the imaging appara- 
tus 400 may be located in a corner 338 of the media 
handler 300. The corner 338 is defined by the intersec- 
tion the back side 312. the topside 314, and the left side 
318 of the media handler housing 305. The reason for 
locating the imaging apparatus 400 in the corner 338 is 
to allow the imaging apparatus 400 to be located inside 
the housing 305 of the media handier 300 so as not to 
interfere with a digital linear tape cartridge 600 that may 
also be located in the housing 305. If the imaging appa- 
ratus 400 were to be located in another area of the 
housing 305, the imaging apparatus 400 may interfere 
with a digital linear tape cartridge 600 that may also be 
located in the housing 305. In the alternative, the physi- 
cal size of the housing 305 may have to be increased to 
accommodate the imaging apparatus 400 and a digital 
linear tape cartridge 600, or the imaging apparatus 400 
may be located external to the housing 305. 
[0040] Several components, discussed below, may 
be located in the interior of the media handler 300- 
Th ese components may serve to extract digital linear 
tape cartridges from slots in the magazines and, thus, 
the components may have to be located at precise loca- 
tions within the media handler 300. The addition of the 
imaging apparatus 400 into the interior of the media 
handler 300 may create congestion within the media 
handler 300. In order to accommodate the imaging 
apparatus 300 and the other components that may be 
located in the media handler 300. the imaging appara- 
tus 400 may not be able to be located in a position to 
receive the image beam 132. The image beam 132 
may. thus, have to be optically shifted within the media 
handler 300 so that the imaging apparatus 400 may 
receive the image beam 132. An example of optically 
shifting an image light beam within a media handler is 
disclosed in United States Patent Application, serial 
number of Gardner et al. (attor- 
ney docket number 10971597-1). previously refer- 



enced. 

[0041] The media handler 300 and the magazine 
200 are best located relative to each other so as to 
avoid specular reflection betv/een the incident light 
5 beam 122 and the image light beam 132. Specular 
reflection is similar to glare and may cause areas of the 
surface where reflection occurs that are intended to 
have low reflectivity to be highly reflective. Specular 
reflection may result when the angles of an incident light 
10 beam and an image light beam are approximately equal 
relative to the normal of a reflecting surface. Specular 
reflection may also occur if the image light beam is 
approximately normal to the reflecting surface. In the 
case of the automated media exchanger 100, specular 
75 reflection may cause the image light beam 132 to be a 
high intensity of light regardless of the reflectivity of the 
surface from which the image light beam 132 emanates. 
If the image light beam 1 32 is an image of the inner sur- 
face 258 of the magazine 200, specular reflection may 
20 cause the image to be uniform throughout the area of 
reflective contrast 270. In this case, the processor 500 
may not be able to distinguish the area of reflective con- 
trast 270 from the inner surface 258. As such, the proc- 
essor 500 will not be able to accurately indicate whether 
25 the slot 232 contains a digital linear tape cartridge 600. 
The same problem with specular reflection may occur if 
the image light beam 1 32 is an image of a bar code 634. 
The bars and the spaces on the bar code 634 may 
reflect equally. The processor 500 will, thus, be unable 
30 to distinguish the bars from the spaces and will, like- 
wise, be unable to read the bar code 634. 
[0042] The preferred reflection of an image light 
beam is diffuse reflection. Diffuse reflection may be 
characterized by a scanering of reflected light from a 
35 nonreflective surface. An imaging apparatus will, there- 
fore, receive a minimal intensity of light from a nonre- 
flective surface. Diffuse reflection may be achieved in 
the automatic media exchanger 100 by placing the 
angles of the incident light path 124 and the image light 
40 path 1 30 such that they are not approximately equal rel- 
ative to the normal of the inner surface 258 of the mag- 
azine 200 or the front surface 620 of a digital linear tape 
cartridge 600. Fig 5. Additionally, diffuse reflection may 
be realized by locating the image light path 130 a signif- 
45 icant distance from the normal of the inner surface 258 
and the front surface 620 of a digital linear tape car- 
tridge 600. Fig. 5. 

[0043] Having summarized the operation of the 
automatic media exchanger 1 00, Fig. 1 , the operation of 

so the automatic media exchanger 100 will now be 
described in detail. In the operation of the automatic 
media exchanger 100, a user of the automated media 
exchanger 100 places digital linear tape cartridges 600, 
sometimes referred to herein simply as, "cartridges" into 

55 the slots 232 in the magazine 200. In the magazine 200 
depicted in Fig. 1 , for example, the slot 234 in the mag- 
azine 200 is empty. The slot 236 is occupied by a car- 
tridge 672 and the cartridge 672 has a bar code label 
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682 affixed to the front side 673 of the cartridge 672. 
The slot 238 is occupied by a cartridge 674 and the car- 
tridge 674 does not have a bar code label affixed to the 
front side 675 of the cartridge 674. The slot 240 is occu- 
pied by a cartridge 676 and the cartridge 676 has a bar 5 
code label 686 affixed to the front surface 677 of the car- 
tridge 676. For the purpose of illustration, the barcode 
label 686 will be assumed to be affixed to the front sur- 
face 677 of the cartridge 676 upside down. The slot 242 
is depicted as being occupied by a cartridge 678 and 
the cartridge 678 has a bar code label 688 affixed to the 
front surface 679 of the cartridge 678. 
[0044] The processor 500 may initiate a series of 
instructions that will cause the automated media 
exchanger 100 to determine whether the slot 234 is 75 
occupied. The processor 500 may first receive data 
from the orientation system 370 via the orientation data 
line 530 indicating the location of the media handler 
300. The processor 500 may then send a data signal to 
the servo system 350 via the servo data line 520 20 
instructing the servo system 350 to move the media 
handler 300 to the vicinity of the slot 234. Specifically 
the media handler 300 will be located so that the open- 
ing 320 in the media handler 300 is opposite the slot 
234. A system to guide the media handler 300 to a spe- 25 
cific location, e.g., the vicinity of a slot 232, is disclosed 
in United States patent application, serial number 

of Gardner et al. for GUIDANCE 

SYSTEM AND METHOD FOR AN AUTOMATED 
MEDIA EXCHANGER, filed on the same day as this 30 
application (attorney docket number 10971595-1), 
which is hereby incorporated by reference for all that is 
disclosed therein. 

[0045] At this location, the incident light beam 122 
emitted by the light source 120 will illuminate the slot 35 
234. The slot 234 does not contain a digital linear tape 
cartridge 600, therefore, the incident light beam 122 will 
pass through the slot 234 and to the inner surface 258 
of the magazine 200. The incident light beam 122 will, 
thus, illuminate the inner surface 258 including the area 40 
of reflective contrast 270. The image light beam 132 will 
be reflected from the inner surface 258 and will, thus, be 
an image of the inner surface 258. including the area of 
reflective contrast 270. The image light beam 132 will, 
therefore, be more intense in the area corresponding to 45 
the area of reflective contrast 270 than the area corre- 
sponding to the remaining portion of the inner surface 
258. The image light beam 132 will pass from the inner 
surface 258 of the magazine 200, through the slot 234 
and to the media handler 300. The image light beam so 
132 will then pass through the opening 320 in the front 
side 310 of the media handler 300 and to the imaging 
apparatus 400. 

[0046] Referring to Fig. 4. the image light beam 1 32 
enters the imaging apparatus housing 410 through the 55 
opening 430 in the front side 412. The image light beam 
132 then passes through the window 432. In the case 
where the window 432 is an optical filter, then only a 



specified band of light frequencies will pass through the 
window 432. The image light beam 132 is then focused 
by the lens 452 onto the photodetector array 460 on the 
photosensor 450. The photosensor 450 outputs image 
data in the form of voltages that correspond to the inten- 
sity light in the image tight beam 132 received by the 
photodetector array 460. The photodetector an^y 460 is 
typically narrow, therefore, the photodetectors 462 may 
only image a narrow scan line portion 134. Fig. 1 . of the 
inner surface 258 that includes the area of reflective 
contrast 270. 

[0047] The photosensor 450 outputs image data 
indicating that the light in the image light beam 132 has 
a band of high light intensity, which corresponds to the 
area of reflective contrast 270. Specifically the photode- 
tectors 462 in the photodetector array 460. from a first 
high intensity photodetector 464 to a last high intensity 
photodetector 466. may receive the image of the area of 
reflective contrast 270, Fig. 1. The area of the image 
light beam 132 corresponding to the area of reflective 
contrast 270. Fig. 1 , has a higher intensity of light than 
the remaining area of the image beam 132. Therefore, 
the photodetectors 462 from the first high intensity pho ' 
todetector 464 to the last high intensity photodetector 
466 will output higher voltages than the remaining pho- 
todetectors 462 in the photodetector an^y 460. The 
imaging apparatus 100 outputs the image data to the 
processor 500 via the image data line 510. The image 
data may be a series of voltages that correspond to the 
cumulative voltage outputs from the photodetectors 462 
on the photosensor 450. 

[0048] The image data output from the photosensor 
450 is input, via the image data line 510, to the proces- 
sor 500. The processor 500 may compare the voltage 
values of the photodetectors 462 in the photodetector 
an^y 460 to each other in order to establish the relative 
intensity of the light received by the photodetectors 462. 
Alternatively, the processor 500 may compare the val- 
ues of the voltages from the photodetectors 462 to a ref- 
erence value stored in the data storage device 504. The 
reference value corresponds to a predetermined light 
intensity. Photodetector values higher than the refer- 
ence value correspond to a high light intensity and pho- 
todetector values lower than the reference value 
correspond to a low light intensity. The processor 500 
may then count the number of consecutive photodetec- 
tors 462 that output a voltage indicating they received a 
high intensity of light. The processor 500 may compare 
this number to a predetermined number corresponding 
to the number of consecutive photodeteaors 462 out- 
putting a high voltage that may indicate that the area of 
reflective contrast 270 is being imaged. If the number of 
photodetectors 462 indicating they received a high 
intensity of light is approximately equal to the predeter- 
mined number stored by the processor 500, the proces- 
sor 500 may then determine that the imaging apparatus 
400 is imaging the area of reflective contrast 270. When 
the imaging apparatus 400 innages the area of reflective 
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contrast 270, the processor 500 is able to determine, 
with certainty, tha: the slot 234, Fig. 1 , is empty. Accord- 
ingly, the automated media exchanger 100 is able to 
indicate, with certainty, that the slot 234 is empty. 
[0049] The method described above of counting 5 
photodetectors is one example of measuring the width 
276 of the area of reflective contrast 270, Fig. 1. Other 
methods of using an image beam to measure object 
dimensions are disclosed in the following United States 
patent applications: serial number io 

of Gardner for CALIBRATION 

SYSTEM FOR AN IMAGING APPARATUS AND 
METHOD, filed on the same day as this application 
(attorney docket number 10971593-1); serial number 

of Gardner et al. for IMAGING i5 

APPARATUS ALIGNMENT SYSTEM AND METHOD, 
filed on the same day as this application (attorney 
docket number 10971594-1); which are both hereby 
incorporated by reference for all that is disclosed 
therein. 20 
[0050] Referring again to Ftg. 1 , the processor 500 
may initiate a series of instructions that will cause the 
automated media exchanger 1 00 to determine whether 
the slot 236 is occupied. The processor 500 may first 
receive information from the orientation system 370 via 25 
the orientation data line 530 indicating the location of 
the media handler 300. The processor 500 may then 
send a data signal to the servo system 350, via the 
servo data line 520, instructing the media handler 300 
to move to the vicinity of the slot 236 in the magazine 30 
200. Specifically, the media handler 300 will move to a 
position where the opening 320 in the front of the media 
handler 300 is opposite the slot 236. The incident light 
beam 122 emitted by the light source 120 will then illu- 
minate the slot 236. The slot 236 is depicted as contain- 35 
ing a digital linear tape cartridge 672. The cartridge 672 
is depicted as having a bar code label 682 affixed to the 
front side 673 of the cartridge 672. The incident light 
beam 1 22 and the image light beam 1 32 will, thus, inter- 
sect at the front side 673 of the cartridge 672. Accond- 40 
ingly, the image light beam 132 will be an image of the 
bar code label 682 affixed to the front side 673 of the 
cartridge 672. As previously set forth, the image light 
beam 1 32 is ultimately focused on the photosensor 450. 
The photosensor 450 will, thus, convert the image of the 45 
bar code label 682 to image data. 

[0051] The imaging apparatus 400. thus, will not 
output image data to the processor 500 indicating that a 
predetermined number of consecutive photodetectors 
462 have imaged an area corresponding to the area of so 
reflective contrast 270. Based on this image data, the 
processor 500 may detenmine that the slot 236 in the 
magazine 200 is occupied by a digital linear tape car- 
tridge 672. The processor 500 may then "read" the bar 
code label 682 to determine whether it is actually a bar 55 
code label. For example, the processor may determine 
whether the image data corresponds to a predeter- 
mined bar code format, e.g., the code 39 specification. 



If the bar code label 682 is. in fact, a predetermined bar 
code fonnat, the processor will analyze the image data 
to read the binary number represented by the bar code 
label 682. Reading a bar code is well known in the art 
and consists of measuring the bars and spaces to 
determine if the bars and spaces are wide or narrow. 
The wide bars and spaces, as an example, may be 
assigned a number one and the narrow bars and 
spaces may be assigned a zero. The ones and zeros 
represented by the series of bars and spaces repre- 
sents a binary number. 

[0052] Based on the analyzed image data, the proc- 
essor 500 may indicate that the slot 236 is occupied by 
the cartridge 672. Additionally, the binary number from 
the bar code label 682 corresponding to the cartridge 
672 may be stored in the data storage device 504. 
When the automated media exchanger 100 needs to 
access the cartridge 672. the processor 500 may scan 
the data storage device 504 and determine that the car- 
tridge 672 is located in the slot 236. The processor 50O 
may then send a signal to the servo system 350 
instructing the servo system 350 to move the media 
handler 300 to a location where the media handler 300 
may access the cartridge 672, 

[0053] The processor 500 may initiate a series of 
instructions that will cause the automated media 
exchanger 100 to determine whether the slot 238 is 
occupied. The processor 500 may first receive informa- 
tion from the orientation system 370 via the orientation 
data line 530 indicating the location of the media han- 
dler 300. The processor 500 may then send a data sig- 
nal to the sen/o system 350, via the servo data line 520. 
instructing the media handler 300 to move to the vicinity 
of the slot 233. Specifically, the media handler 300 will 
move to a position where the opening 320 in the front of 
the media handler 300 is opposite the slot 238. The light 
source 120 will then illuminate the slot 238, 
[0054] As previously set forth, the slot 238 contains 
a digital linear tape cartridge 674. The cartridge 674 
does not have a bar code label affixed to the front side 
675 of the cartridge 674. The incident light beam 122 
will, therefore, illuminate the front side 675 of the car- 
tridge 674. As such, the image light beam 1 32 will be an 
image of the blank front side 675 of the cartridge 674 
and will neither be the image of the area of reflective 
contrast 270 nor a bar code. The imaging apparatus 
400 will. thus, output image data to the processor 500 
that corresponds to the blank front side 675 of the car- 
tridge 674. Therefore, the processor 500 will determine 
that the slot 238 is occupied by a cartridge 674 and that 
the cartridge 674 is erther missing a bar code label or 
the cartridge 674 is positioned incorrectly in the slot 
238. The automated media exchanger 100 may then 
indicate that a possible problem exists with the cartridge 
674 located in the slot 238. 

[0055] The processor 500 may initiate a series of 
instructions that will cause the automated media 
exchanger 100 to determine whether the slot 240 is 
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occupied. The processor 500 may first receive informa- 
tion from the orientation system 370 via the orientation 
data line 530 indicating the location of the media han- 
dler 300, The processor 500 may then send a data sig- 
nal to the servo system 350, via the servo data line 520, 5 
instructing the media handler 300 to move to the vicinity 
of the slot 240. Specifically, the media handler 300 wili 
move to a position where the opening 320 in the front of 
the media handler300 is opposite the slot 240. The inci- 
dent light beam 122 from the tight source 120 will then 
illuminate the slot 240. The slot 240 contains a digital 
linear tape cartridge 676. The cartridge 676 has a bar 
code label 686 affixed to the front side 677. As previ- 
ously set forth, the bar code label 686 is upside down, 
which may indicate that either the bar code label 686 is /s 
affixed to the front surface 677 of the cartridge 676 
upside down or the cartridge 676 is positioned in the 
slot 240 upside down. 

[0056] The image light beam 132 will reflect from 
the front surface 677 of the cartridge 676 and will, thus, 20 
be an image of the bar code label 686 affixed to the front 
surface 677 of the cartridge 676. The imaging appara- 
tus 400 will, therefore, image the bar code label 686. As 
previously set forth in the identification of the cartridge 
672 in the slot 236, the processor 500 may first deter- 25 
mine whether the image data from the imaging appara- 
tus 400 corresponds to a bar code label with a 
predetermined format, e.g.. a code 39 specification. The 
processor 500 may detect a problem reading the bar 
code label 686 because rt is upside down. In order to be 30 
sure that the bar code label 686 is upside down, the 
processor 500 may reverse the order that it reads the 
image data from the imaging apparatus 400. This will 
reverse the order that the bars and spaces in the bar 
code label 686 are read, e.g., the processor 500 may 35 
read the bar code label 686 from top to bottom rather 
than from bottom to top. If the reverse reading of the bar 
code label 686 corresponds to a predetermined bar 
code label format, the processor 500 may determine 
that either the cartridge 676 is positioned upside down 40 
in the slot 240 or the bar code label 686 affixed to the 
front side 677 of the cartridge 676 is upside down. The 
automated media exchanger 100 may, thus, notify the 
user that a possible problem exists with the cartridge 
676 in the slot 240. 45 
[0057] Except for the addition of the automated 
optical detection system described herein, the auto- 
mated media exchanger 100, including the components 
thereof, may, for example, be of the type commercially 
available from the Hewlett-Packard Company and sold so 
as Model Number HP 4228w or of the type described in 
the following United States Patents: 5,644,559 of Chris- 
tie, et al., for FLIP LATCH ASSEMBLY FOR MEDIA 
AUTOCHANGER; and 5.682.096 of Christie, et al., for 
METHOD AND APPARATUS FOR MONITORING 55 
OPERATING POSITIONS OF A MEDIA AUTO- 
CHANGER, which are hereby incorporated by refer- 
ence for all that is therein. 



[0058] The improved automated media exchanger 
100 provides many benefits over other automated 
media exchangers. The improved automated media 
exchanger 100 may reduce user time in inputting data to 
the processor 500. The improved automated media 
exchanger 100 may further improve the accuracy of 
locating media in the media library. A user does not 
have to input the identity and location of the media to 
the processor 500. which saves the user time. The user 
only needs to load the media into a plurality of maga- 
zines 200 and place the magazines 200 into the auto- 
mated media exchanger 100. The automated media 
exchanger 1 00 may then scan the slots 232 in the mag- 
azines 200 to locate and identify the media. The auto- 
mated media exchanger 100 may also indicate 
problems to the user, e.g., missing barcode labels and 
upside down media. The efficiency of the automated 
media exchanger 100 is also increased because the 
automated media exchanger 100 will not attempt to 
retrieve media from empty slots 232 in the magazine 
200. The automated media exchanger 100 may deter- 
mine, with certainty, that a slot 232 is empty before the 
automated media exchanger 100 attempts to retrieve 
media from the slot 232. 

[0059] The operation of the automated media 
exchanger 1 00 described herein has been limited to the 
operation of the imaging apparatus 400. including the 
interaction between the imaging apparatus 400 and the 
magazine 200. The automated media exchange 100, 
including the components located within the automated 
media exchanger 100 function in a substantially similar 
manner as an autochanger. known as Model Number 
HP 4228W. commercially available from the Hewlett- 
Packard Company of Greeley, Colorado. The auto- 
mated media exchanger 100, including the media han- 
dler 300 operates in a substantially similar manner as 
described in the following United States Patent Applica- 
tions: 5.644.559 of Christie, et al., for FLIP LATCH 
ASSEMBLY FOR MEDIA AUTOCHANGER; and 
5.682.096 of Christie, et aL, for METHOD AND APPA- 
RATUS FOR MONITORING OPERATING POSITIONS 
OF A MEDIA AUTOCHANGER, which are hereby incor- 
porated by reference for all that is therein. 
[0060] The automated media exchanger 100 and 
the components thereof are also disclosed, in part, in 
the following United States Patent applications: serial 
number of Gardner for ALIGN- 

MENT APPARATUS AND METHOD FOR AN IMAGING 
SYSTEM, filed on the same date as this application 
(attorney docket number 10982315-1); serial number 

, of Gardner for METHOD AND 

APPARATUS FOR SETTING FOCUS IN AN IMAGING 
DEVICE, filed on the same date as this application 
(attorney docket number 10982313-1); and serial 

number of Kato et al. for 

METHOD OF DECIPHERING BAR CODES, filed on 
the same date as this application (attorney docket 
number 10970585-1); which are all hereby incorporated 
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by reference for all that is disdosed therein. 
[0061] The method of locating cartridges 600. Fig. 
5, in the automated media exchanger 100 is illustrated 
by the flow chart of Fig. 6. The flow chart of Fig. 6 refers 
to the components of the automated media exchanger 
100 of Fig. 1. The method commences when the proc- 
essor 500 receives image data from the imaging appa- 
ratus 400 corresponding to an image of the slot 232 
being analyzed. The image data is analyzed and a 
determination is made as to whether the image data 
corresponds to a bar code. If the image data does not 
correspond to a bar code, a determination is made as to 
whether the image data corresponds to the area of 
reflective contrast 270. If the image data corresponds to 
the area of reflective contrast 270, the automatic media 
exchanger 100 may indicate that the slot 232 is empty. 
If the image data does not correspond to the area of 
reflective contrast 270. the automatic media exchanger 
1 00 may indicate that the slot 232 is occupied by a car- 
tridge 600. The automatic media exchanger 100 may 
further indicate that the cartridge 600 either does not 
have a bar code label affixed to it or the cartridge 600 is 
improperly positioned in the slot 232. 
[0062] Returning to the decision as to whether the 
image data represents a bar code, if the image data 
does represent a bar code, the bar code data is 
matched to stored data. A decision is then made to 
determine if the bar code data matches stored data, if 
the bar code data matches stored data, the automatic 
media exchanger 1 00 may indicate that the slot 232 is 
occupied and the automatic media exchanger 100 may 
identify the cartridge 600 occupying the slot 232. If the 
bar code data does not match stored data, the proces- 
sor 500 may reverse the order of the image data repre- 
senting the bar code. Reversing the order of the image 
data will detenmine if the bar code label or the cartridge 
600 is upside down. The reversed image data is then 
compared to stored data. If the reverse order of the 
image data matches stored data, the automatic media 
exchanger 1 00 may indicate that either the bar code 
label or the cartridge 600 is upside down. If the reverse 
order of the data does not match stored data, the auto- 
matic media exchanger 1 00 may indicate that the slot 
232 is occupied by unidentifiable media. 
[0063] An embodiment of the magazine 200 is illus- 
trated in Fig. A. This embodiment of the magazine 200 
has a plurality of openings 800 formed in the back side 
218 of the magazine 200 rather than having an area of 
reflective contrast 270. The openings 800 may have a 
top edge 810 and a bottom edge 812. The openings 
may have a width 820 extending between the top edge 
810 and the bottom edge 812. The width 820 may be 
substantially similar to the width 276 of the area of 
reflective contrast 270, Fig. 2. A reflective surface 830 
may be located behind the magazine 200 in the vicinity 
of the back side 21 8. The reflective surface 830 may, as 
an example, be a structural member within the auto- 
mated media exchanger 100 that reflects light. The 



automated media exchanger 100 functions in the same 
manner as described above by detecting the reflective 
surface 830 through the openings 800. This embodi- 
ment may decrease the cost of manufacturing the auto- 
5 mated media exchanger 1 00 by not requiring the area of . 
reflective contrast to be placed within the magazine 
200. 

[0064] The automated optical detection system 
may be used in other devices to locate and identify 

10 objects. Fig. 8 illustrates a conveyor system 700 using 
an embodiment of the automated optica! detection sys- 
tem to locate and identify objects on a conveyor belt 
705, The conveyor system 700 of Fig. 8 may have a 
conveyor belt 705, an area of reflective contrast 710, a 

15 tight source 712. an imaging apparatus 750, and a proc- 
essor 716. The conveyor system 700 may further com- 
prise an incident light path 746 extending between the 
light source 712 and the conveyor belt 705 and an 
image light path 740 extending between the conveyor 

20 belt 705 and the imaging apparatus 750. The light 
source 71 2 may emit an incident light beam 744 that fol- 
lows the incident light path 746 toward the conveyor belt 
705. The incident light beam 744 may serve to illumi- 
nate a scan line portion 748 of the conveyor belt 705. An 

25 image light beam 742 may be reflected from the scan 
line portion 748 of the conveyor belt 705. The image 
light beam 742 may follow the image light path 740 from 
the scan line portion 748 of the conveyor belt 705 to the 
imaging apparatus 750. 

30 [0065] The area of reflective contrast 710 may 
extend the length of the conveyor belt 705. The area of 
reflective contrast 71 0 is similar to the area of reflective 
contrast 270 on the inner surface 258 of the magazine 
200 described in Fig. i . The area of reflective contrast 

35 710 may be a light-colored stripe and the remaining 
area of the conveyor belt 705 may be a dark color. The 
area of reflective contrast 71 0 is then the transition from 
the dark<:olored area of the conveyor belt 705 to the 
light-colored area of reflective contrast 710. The reftec- 

40 tive transition from the conveyor belt 705 to the area of 
reflective contrast 710 may be great enough so that the 
processor 716 may distinguish the area of reflective 
contrast 710 from the remaining area of the conveyor 
belt 705. 

45 [0066] The area of reflective contrast 710 may be 
bound by a first edge 706 and a second edge 707. The 
area of reflective contrast 710 may have a width 708 
defined as the distance between the first edge 706 and 
the second edge 707. The width 708 may be great 

5o enough so that an image of the area of reflective con- 
trast 710 may be received by the imaging apparatus 
750. 

[0067] The scan line portion 748 of the conveyor 
belt 705 may extend perpendicular to the area of reflec- 
55 tive contrast 71 0 so as to extend onto the conveyor belt 
705 beyond the first edge 706 and the second edge 707 
of the area of reflective contrast 710. The conveyor belt 
705 may move in a direction 780 parallel to the area of 
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reflective contrast 710 and perpendicular to the scan 
line portion 748. The image light path 740 and the inci- 
dent light path 746 may intersect on the conveyor belt 
705 at the scan line portion 748 of the conveyor belt 
705. The scan line portion 748 of the conveyor belt 705 
may, thus, effectively scan the length of the conveyor 
belt 705, including the area of reflective contrast 71 0. as 
the conveyor belt 705 moves in the direction 780 
[0068] A first object 732 and a second object 734 
may be located on the conveyor belt 705. The first 
object 732 and the second object 734 may each have a 
front surface 760. A bar code label 762 may be affixed 
to the front surface 760 of the first object 732. The bar 
code label 762 may serve to identity the first object 732. 
No bar code label is depicted as being affixed to the 
front surface 760 of the second object 734. 
[0069] The imaging apparatus 750 may be similar 
to the imaging apparatus 400 of Fig. 4 as previously 
described. The imaging apparatus 750 may comprise a 
front side 752. The imaging apparatus front side 752 
may have an opening 754. The opening 754 may serve 
as an entrance for the Image light beam 742 reflected 
from the scan line portion 748 of the conveyor belt 705 
to enter the imaging apparatus 750. The imaging appa- 
ratus 750 may be connected to the processor 71 6 by an 
image data line 730. 

[0070] The imaging apparatus 750 may only con- 
vert an image of the scan line portion 748 of the con- 
veyor belt 705 to image data. The scan line portion 748 
of the conveyor belt 705 may extend perpendicular to 
the conveyor belt movement direction 780 and may 
include the area of reflective contrast 710, The image 
light beam 742 may, thus, include an image of the con- 
veyor belt 705 and the area of reflective contrast 71 0. 
[0071] The imaging apparatus 750 may have a 
depth of field that is able to image the bar code label 
762 as well as the area of reflective contrast 710. 
Because bar code labels typically comprise fine tines, 
the depth of field of the imaging apparatus 750 may be 
selected to focus the fine lines of the bar code label 762 
onto the photosensor, not shown, in the imaging appa- 
ratus 750. The area of reflective contrast 710 may then 
be outside the depth of field of the imaging apparatus 
750. In order to overcome this problem, the width 708 of 
the area of reflective contrast 710 may be large enough 
so that the imaging apparatus 750 is able to focus an 
image of the area of reflective contrast 710 onto the 
photosensor. As an example, the bar code label 762 
may correspond to the code 39 bar code specification, 
and the width 708 of the area of reflective contrast 710 
may be approximately one centimeter. 
[0072] The processor 71 6 may function in a similar 
manner as the processor 500 of Fig, 1 . When the imag- 
ing apparatus 750 receives an image of the area of 
reflective contrast 710, the processor 716 may deter- 
mine, with certainty, that no object is located between 
the scan line portion 748 of the conveyor belt 705 and 
the imaging apparatus 750. If the imaging apparatus 



750 does not receive an image of the area of reflective 
contrast 710, the processor 716 may determine, with 
certainty, that an object is located between the scan line 
portion 748 of the conveyor belt 705 and the imaging 

5 apparatus 750. Furthermore, if the imaging apparatus 
750 receives an image of a barcode label 762, the proc- 
essor 716 may determine that an object is located 
between the scan line portion 748 of the conveyor belt 
705 and the imaging apparatus 750. The processor 71 6 

70 may also read the bar code label 762 to identify the 
object 732 to which the bar code label 762 is affixed. 
[0073] Having described the components of the 
conveyor system 700, the operation of the conveyor 
system 700 will now be described in detail. The con- 

75 veyor belt 705 may move in the direction 780. Two 
objects, a first object 732 and a second object 734 are 
illustrated as being located on the conveyor belt 705. 
The first object 732 and the second object 734 will even- 
tually move to the vicinity of the scan line portion 748 of 

20 the conveyor belt 705 as the conveyor belt moves in the 
direction 780. 

[0074] Fig. 9 depicts the conveyor system 700 with 
the first object 732 located in the vicinity of the scan line 
portion 748 of the conveyor belt 705. Specifically, the 
25 first object 732 is located between the area of reflective 
contrast 710 and the imaging apparatus 750. The front 
surface 760 of the first object 732 is now at the intersec- 
tion of the incident light beam 744 and the image light 
beam 742. The image light beam 742 will, thus, be an 
30 image of the bar code label 762 affixed to the front sur- 
face 760 of the first object 732. The imaging apparatus 
750 will, therefore, receive an image of the bar code 
label 762 instead of an image of the area of reflective 
contrast 710, The processor 716 may analyze the 
35 image data from the imaging apparatus 750 and may 
determine that the image data represents a bar code. 
Because the image data does not represent an image of 
the area of reflective contrast 710, the processor 716 
may determine that an object is located between the 
4o area of reflective contrast 71 0 and the imaging appara- 
tus 750. The processor may further read the bar code 
label 762 to identify the first object 732, 
[0075] As the conveyor belt 705 continues to move 
in the direction 780, the second object 734 will eventu- 
45 ally be located on the vicinity of the scan line portion 
748. Fig. 10 depicts the conveyor system 700 with the 
second object 734 located in the vicinity of the scan line 
portion 748 of the conveyor belt 705. Specifically, the 
second object 734 is located between the area of reflec- 
50 tive contrast 710 and the imaging apparatus 750. The 
incident light beam 744 and the image light beam 742 
now intersect at the front surface 760 of the second 
object 734. The image light beam 742 will, thus, be an 
image of the blank front surface 760 of the second 
55 object 734, The imaging apparatus 750 will, therefore, 
receive neither an image of the area of reflective con- 
trast 710 nor an image of a barcode label. The proces- 
sor 71 6 may then detemnine that an object is located in 
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the vicinity of the scan line portion 748 of the conveyor 
beft 705. The processor 716 may further determine that 
the second object 734 either does not have a bar code 
label affixed to the front surface 760 or the second 
object 734 has been placed on the conveyor belt 705 5 
improperly so that its bar code label cannot be imaged. 
[0076] Several embodiments may be applied to the 
automated optical detection system. One embodiment 
of the automated optical detection system may use 
objects, such as digital linear tape cartridges, with 10 
uniquely reflective front sides that may be covered by 
bar code labels. The uniquely reflective front side may 
be differentiated from the area of reflective contrast and 
a bar code label. When an object is being imaged that 
does not have a bar code label affixed to it, the uniquely 15 
reflective front side of the object may be imaged. The 
processor may then compare the image data to prede- 
termined data to determine that the image data corre- 
sponds to the uniquely reflective front side of an object. 
The processor may then determine, with a greater prob- 20 
ability of certainty, that an object is being imaged and 
that the object does not have a bar code label affixed to 
its front side. 

[0077] While an illustrative and presently preferred 
embodiment of the invention has been described in 25 
detail herein, it is to be understood that the inventive 
concepts may be otherwise variously embodied and 
employed and that the appended claims are intended to 
be construed to include such variations except insofar 
as limited by the prior art. 30 

Claims 

1. A method of detecting objects (600) comprising: 

35 

providing a plurality of objects (600); 
providing an object holding mechanism (200) 
having a plurality of holding locations (232), 
wherein each of said holding locations (232) is 
adapted to locate at least one of said plurality 
of objects (600): 

providing an object holding mechanism target 
(270) associated with said object holding 
mechanism (200); 

providing an imaging apparatus (400) which is 45 
moveable relative to said object holding mech- 
anism (200); 

positioning said imaging apparatus (400) adja- 
cent a selected one of said plurality of holding 
locations (232); so 
generating an image with said imaging appara- 
tus (400); 

performing a first analysis of said image; and 
determining whether one of said plurality of 
objects (600) is located in association with said 55 
selected one of said plurafity of holding loca- 
tions (232) based upon said first analysis. 



2. The method of claim 1, wherein said determining 
comprises determining that one cf said plurality of 
objects (600) is not located in association with said 
selected one of said plurality of holding locations 
(232) if said first analysis indicates that said image, 
is an image of said holding mechanism target (270). 

3. The method of claim 1 further comprising: 

providing a bar code (634) associated with at 
least some of said plurality of objects (600); 
performing a second analysis of said image to 
determine whether said image is an image of a 
bar code (634); and 

decoding said image of said bar code (634) so 
as to read said bar code (634) if said second 
analysis determines that said image is an 
image of a bar code (634). 

4. An automated media exchanger (100) of the type 
having a media device magazine (200) including a 
plurality of slots (232) adapted to receive media 
devices (600) therein and a moveable picker device 
(300) positionable adjacent a selected slot of said 
plurality of slots (232) and adapted to move media 
devices (600) into and out of said selected slot, said 
automated media exchanger (100) comprising: 

a light source (120) associated with said picker 
device (300); 

an imaging apparatus (400) associated with 
said picker device (300); 

a target (270) associated with said selected 
slot; 

wherein said target (270) is not imageable by 
said imaging apparatus (400) when one of said 
media devices (600) ts received within said 
selected slot; and 

wherein said target (270) is imageable by said 
imaging device (400) when one of said media 
devices (600) is not received within said 
selected slot. 

5. The automated media exchanger (100) of claim 4 
wherein said imaging apparatus (400) is adapted to 
image bar codes. 

6. The automated media exchanger (100) of claim 4 
wherein said target (270) associated with said 
selected slot is a barcode. 

7. The automated media exchanger (100) of claim 4 
wherein said media device (600) comprises a first 
surface (620). and wherein said first surface (600) 
is optically distinguishable from said target (270) 
associated with said selected slot. 

8- The automated media exchanger system (100) of 
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claim 7 wherein said first surface (620) of said 
media device (600) is adapted to have an indicia 
affixed to said first surface (620). 

The automated media exchanger (100) of claim 8 5 
wherein said indicia is a bar code (634). 

The automated media exchanger (100) of claim 4 
wherein said target (270) comprises a transition 
from a reflective surface to a relatively nonreflective io 
surface. 
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